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Super-Aromatic Properties of Furan. II. The Friedel- 

Crafts Reaction 

By Henry Giuian and N. O, Calloway 

Introduction , 
The scission of furylphenyllead and fuiylthienvH&d compounds by 
hydrogen chloride has been presented as evidence in support of the super- 
aromatic nature of furan. 1 In a byji^i-large definition of aromatic 
compounds and aromatic properties, 1 the Friedel-Crafts reaction is im- 
portant historically as one of a small number of transformations peculiarly 
characteristic of aromatic compounds.' We now know that this reaction 
is shown not only by unsaturated aliphatic compounds, but also apparently 
by some saturated aliphatic compounds,* However, the reaction is still 
considered, in the aggregate, as a transformation that is typical of aromatic 
compounds. 

Not all aromatic compounds undergo the Friedel-Crafts reaction. 
This is particularly true of many benzenoid types having a meta-orienting 
substituent. One of the most striking illustrations is nitrobenzene, which 
Finds application as a solvent or medium for some Friedel-Crafts reactions. 
Not only do furan and 2-mcthylf uran undergo acylation, 4 but we have found 
that some so-called negatively substituted furans also participate in 
Pricdcl-Crafts reactions. Methyl 2-furoate, for example, undergoes ready 
alkylution and acylation under customary conditions, and the related 
methyl benzoate docs not show these reactions. Substitution takes place 
in the ^-position. 

HC CH HC CH 

H&^^&COOCH. -h (CH s ) a CHCl l * XCU l (CHOaCI-i&s^^^COOCHa (I)* 

The same type of condensation occurs with 2-furoie acid and with 2A uryl 
phenyl ketone. The reaction with 2-furyl phenyl ketone is particularly 
significant because it presents an opportunity to observe the relative aro- 
maticitics of a 2-furyl and a phenyl nucleus in a symmetrical compound. 
Condensation takes place only in the furyl nucleus. 

HC CH HC- CH 

H& s ^JU-0--C t H* + (CH>)iCCI - [Al — > (CH,),ciL Xo/ l—C--CoI-I. (II) 

(1) Glhnnn and Townc, Rec trav. chim. t 61, 1054 (1032). 

(2) Victor Meyer, "Die Tblopliengruppe," Brunswick. 1888, p. 276. 

(3) Kraplvfo, Bull, Soc. Imp, Nat. Moscow^ 1„ 176 (1008); v. Bruuti and Kufan, B*r. t 40, 1207 
(1012), and 60, 2667 (1027); NorrU and Couch, Tins Journal, 42, 2320 (1020) ; Wtetoml and Bettuy, 
Ber. t 66, 2340 (1022) ; Ncnltzcscu awl loncscti, A nn. t *M, ISO (1031) ; HopfF, Ber. t «4, 2730 (1031), and 
65, 482 (1032); Ungcr, ibid.. 66, 407 (1032). 

(4) aelchstetn, II eh. Chim. Acta, 18, 360 (1030). 
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This preferential nuclear substitution, and the condensations with methyl 
f uroate but not with methyl benzoate, together with the fact that benzene 
can be used as a medium for some Friedel-Crafts reactions of furan are ad- 
vanced as supporting evidence for the concept that furan has super- 
aromatic properties. 

As previously mentioned, 1 some benzenoid types are apparently more 
aromatic than others. This is especially true of benzene derivatives 
having amino and phenolic or substituted amino and substituted phenolic* 
groups. In accordance with this general principle it has been found that 
methyl auisate (£-CHaOCeH 4 COOCH 8 ), unlike methyl benzoate, under- 
goes the Friedel-Crafts reaction. Also, the correlation of the a-positions 
in naphthalene with the cc-positions in furan 5 finds support in the observa- 
tion that the Friedel-Crafts reaction takes place with ethyl a-naphthoate. 

Constitution of Products. — The structure of 5-/er*-butyl-2-f uryl phenyl 
ketone was established by comparison with the product obtained by 
interaction of 5-terAbutyl«2-furoyl chloride with benzene and aluminum 
chloride. 

The ketones obtained from furan and acid chlorides were identical with 
those prepared from 2-furylmercuric chloride and the acid halides, and 
from 2-f uronitrile and the appropriate Grignard reagent. 0 

The alkylation products of methyl 2-furoate were somewhat unusual 
in the sense that the alkyl group appeared to undergo rearrangement so 
that, for example, each of the four butyl chlorides (as well as butylene) 
gave some of the same product: namely, methyl 5-&r£-butyl-2-f uroate. 
The structure of this compound was established by a process of exclusion. 
The tt-butyl-, isobutyl-, and fee-butyl derivatives were synthesized and 
shown to be unlike the compound obtained by the Friedel-Crafts reaction 
which was characterized as follows 

[HOH1 [-CO,) 



S-CH^HaO > S-C^HaCHaOHgCl-a (III) 

[NaAc] 

This mercurial as well as the butylfuran from which it was prepared were 
shown to he unlike the other three possible 5-butyl-2-furylmercuric 
chlorides and the corresponding 2-butylfurans. The 7^-butyl- and isobutyl- 
furans were synthesized as follows 

[NaHrHiOJ [KOH] 
vr (or iso-) C»Ht— C— C«H,0 >- n- (or iso-) C 3 H 7 C— CJI.O ^ 

»- (or iso-) C4H9C4H1O (IV) 
The following reactions illustrate the synthesis of ^-butylfuran 

(SJ Gllman tad Wright, Cham. -Rro M 11, 880 (10&2). 

(8) Aaublna and Munyamu, Arch. PA am., 389, 430 (1014). 
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CH, 

2.CH»CH S CC4H»0 - ^4- 2-(CH t C- >C 4 H,0 - 1- 

l Ah 

2-C4H r C 4 H,0 jee-C^HeC^HjO (V) 
This sequence of reactions is related to that used recently 7 for the prcpara- 

tion of 2-isopropylfuran QHaOCOOCaH* - £-4 C 4 H 8 OC(CH.) 2 OH 

[ ~" H *°_i C 4 H 3 OC(CH a )=CHa -^i C 4 H,OCH(CH 3 ) a . Our isopropyl- 



furan is identical with this compound t and thus gives added support to 
the generalization 6 that nuclear substitution occurs in an opposition if one 
be available. 

Methyl chloride gave a dithio ester, as a consequence of interaction 
with the carbon disulfide; 8 ethyl chloride and ethyl bromide apparently 
undergo a reaction like that observed with methyl cliloridc; both ft~ 
propyl and isopropyl chloride gave the same isopropyt derivative [methyl 
5-isopropyl-2-f uroate] , so that smooth alkylation of methyl f uroate really 
starts with the propyl halides; and the amyl and hexyl derivatives, pre- 
pared from «-amyl chloride and «-hexyl bromide, probably arc branched 
chain types by analogy with the formation of ter/-butylfuran from each of 
the four isomeric butyl halides. 

The structures of the acylation products of methyl furoate were es- 
tablished as follows, using acetic anhydride as a type 

[FeCli or J [HOH ) 

C^HtOCOOCH, -f- <CH,CO) s O — 0 CH,COC«H a OCOOCH, >• 

[SaCU] 

CHtCOCiHiOCOOH - ^ S-CHfcCOCiHaO , (VI) 

Hie chief problem in. determining the constitution of a mouoacylated 
nuclear substituted product of a cU-a-substituted furan having like stfb- 
stituents concerns the integrity of the furan nucleus. The nucleus is not 
cleaved significantly in a Friedel-Crafts reaction. This was established in 
the case of the acetylated 2,5-dimethyIfuran by preparing the same com- 
pound from 2,5-dimcthyIfttrylmercitric chloride and acetyl chloride. The 
resulting 2>5-dimethyl-3-furyl methyl ketone was prepared earlier by the 
condensation of succinic acid and acetic anhydride with zinc chloride. 0 

An anomalous reaction takes place between 2-furfural and isopropyl 
chloride. The product is not 6-isopropyl-2-furfural, but appears to be a 
related dihydrofuran or possibly a compound formed by nuclear cleavage, 

E^erimental Part 
2-Ptnyl P henyl Ketone and fcri-Butyl Chloride.— Eight grama (0.06 tnolc) of 2-/uryl 

(7) Rdcbstein, Ztehokfce, Gehrinff and Ron*, Btlv. Chim. Acta, 15, 1118 (1082). 

(8) Jorr, £*r. ( 60, 1460 (1927). 

(0) Magnaaiol tad Bwrtlvoglu, Gaw. chim. itah, 34, 1, 435 (1804), 
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phenyl ketone in carbon disulfide were brought into reaction with iert-buiyl chloride 
and aluminum chloride under the conditions described later [see "Alleviation of Methyl 
S-Puroate"!, with the exception that no ice-bath was used. The resulting 5-Utrt^ 
buty!-2-furyl phenyl ketone (30% yield) is unusually stable: b. p. 180-182° (20 mm.) 
and 187^9° (22 mm.); d% 1.066; n 2 g 1.6656. 

Anal. Calcd. for CuH»O t : C ( 78.94; H,7.06. Fouud: C ( 79.06; H, 7.54. 

The same compound was obtained in a 70% yield by condensing 6-fcri-butyl-2- 
furoyl chloride (0.1 mole), aluminum chloride (0.1 mole) and 100 cc. of benzene. 

The 5-ier/-butyl-2-furoyl chloride was obtained (61% yield) by refluxing &4erl- 
butyl-2-furoic acid with thionyl chloride; b. p. 220°; dtl 1.108; **£ 1.8091. 

Anal. Calcd. for CtHnQaCl: a, 19.03. Found: Cl, 19.37. 

2-Fuifara! and Isopropyl Chloride. — In an experiment with 0.5 mole of furfural, 
0.6 mole of isopropyl chloride, and 0.6 mole of aluminum chloride in carbon disulfide 
no external cooling was applied. There was a marked evolution of hydrogen chloride, 
and but very little charring was noted. Subsequent to hydrolysis of the reaction mix- 
ture, the carbon disulfide layer was washed first with water and then with sodium 
acetate. Then 200 cc. of a saturated solution of sodium acetate was added, and the re- 
sulting aldehyde steam distilled. This aqueous distillate was extracted with the carbon 
disulfide which first distilled over, washed with sodium bicarbonate, dried over sodium 
sulfate, end the aldehyde, after removing carbon disulfide, was distilled under reduced 
pressure. 

The yield was 8 g. of aldehyde distilling at 101-103° (21 mm.); dll 1.023; 
1 .5041 . The constitution of this aldehyde has not yet been established, but it appears to 
be a dihydrofuran derivative. 

Anal. Cokd.forCiHnOa: C, 68.62; H, 8.64. Found: C, 60.49; H, 8.38. 

The aldehyde is relatively unstable aud darkens on atmospheric exposure. When 
oxidized by alkaline silver oxide it gives a carboxylic acid which is unlike 6-isopropyI-2- 
furoic add. 7 This new acid, which may be a dihydro-isopropylfuroic acid or a ring 
scission product, melts at 76-77° when crystallized from 40% ethyl alcohol. In an 
orienting experiment the supposed dihydrojsopropylfuroic add was heated with 
phosphorus pentachloride to remove two hydrogens and give the known 5-isopropyl-2- 
furolc acid*; however; the original acid was recovered after alkaline hydrolysis. Neu- 
IraHzaiion equivalent. Calcd., 156; found, 165. ' 

Anal. Calcd. for C»Hi,Q»: C, 61.49; H, 7.75. Found: C, 61.71; H, 7.45. 

The semicarbazone of the aldehyde melts at I74r-I76 ft when crystallized from 30% 
alcohol, and its analysis agrees for a dihydro derivative. 

Anal. Calcd. for CiHnOsN*: C, 54.79; H, 7.86. Pound: C, 54.66; H, 7.42. 

.The unknown aldehyde was condensed with sodium acetate and acetic anhydride 
to give a 40% yield of an acid which analyzes for a dihydroisopropylfurylacrylic acid. 
This acid melts at 102-103° when crystallized from water and alcohol. Neutralization 
equivalent. Calcd., 182.1; found, 180. 

Anal. ■ Calcd. for CidHu<*: C, 66.89; H.7.74. Found: C, 65.93 and 86.93; H, 
7;76 and Y;66- . . . - 

_ tatkn and Acid CMortdea.—To 26.8. g. (0.2 mole) of aluminum chloride in 250 cc. 
of carbon disulfide contained in a three-necked .flask provided with a mechanical stirrer 
was. added 0.2 mole of the acid chlonder The flask and contents were then chilled with 
. an ide^lsith.* 'Fur an (0,2 mole), plfepared in accordance with recent directions.^ 0 con- 
tained in 60 of carbon- disulfide was added dropwido over a twenty-five minute period ; 



(10) GIlmfiD And Loushuap, Rcc.-trai/ttiim., 82, 180 (1033). • 
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the mixture turned dark brown, and after about one-third of the iuran had hecn added 
copious quantities of hydrogen chloride were evolved. Stirring was con tinned for fifteen 
minutes In the ice-bath, and then for ten minutes at room temp., after which the mixture 
was poured upon 300 g. of cracked ice, and steam distilled; the distillate was made 
alkaline with potassium hydroxide, extracted with ether, dried over sodium sulfate, and 
the alkyl 2-furyl ketone distilled under reduced pressure. The data are given in 
Table 3. 



Tadlb I 

Alkyl 2-Furyl Kbtonbs from Fur an and Acid Chlouidks 

B. p. (mm.), °C. 

78-80 (17) 
m. 27-28° 

95-97(19) 1.041 

80-87(18) 1.082 

108-109(18) 1.012 

116-119(16) 0.0054 





Alkyl a-furyl 


ncoct 


Ytekl, 
% 




ketone 


used 


1 


Ethyl 


n-Propionyl 


SO. 3 


2 


n-Propyl 


n-Butyryl 


61.8 


3 


Isopropyl 


Isobutyryl 


45.3 


4 


n-Butyl 


n-Valeryl 


23 


5 


u-Amyl 


n-Caproyl 


39 



1£ 



1.4022 
1.4888 
1.4000 
1.4864 



1 

2 
3 
4 
5 



C 
67.71 
69.52 
09.62 
71.01 
72.24 



CtUod. 



-AmUyics, % 



H 

0.50 
7.30 
7.30 
7.90 
8.49 



Pound 

C 
07.66 
70.02 
09.45 
71,32 
71.77 



-Scinicnrlmzouc nnd una lytic* — * — * 



R 
6.00 
7.40 
7.03 
8*15 
8.70 



M. p., °C. 
188-190 
190 

168-159 
110-112 



Carlton 
Calcd, Pound 

<*> 
(n) 

57.22 57.22 
54.08 54.07 



Hydrogen 
Calcd. Knund 

(a) 

(a) 



7.22 
7.00 



0.73 
7.41 



Methyl 6 - alkyl 
2*fiiroatc 



Table II 

ALKYLATJON OP MKTHYX 2rI*UROATK 



5-Isopropyl- 

5- ter/-Butyl- 

6- Amyl- 
6-Hcxyl- 



C 

64.24 
65.90 
07.34 
68.34 



Calcd. 



Alkyl hfillde used 
n-Propyl chloride* 
n-Buty! chloride" 
n-Amyl chloride 
n-Hexyl bromide 

Analyses, 



Yield, 

% 
48 
45 
81 
57.1 



B. p. (mm.), *C. 
U0-U2 (20) 
110-114 (15) 
112-110(13) 
132-130 (10) 



1.O70 
1.037 
1.032 
1.010 



1.4R51 

1.4702 
1.4804 
1 .4814 



H 
7.20 
7.74 
8.16 
8.63 



Found 



C-AJkyl*2-furolc acid find iiiinlyawi^ 



Calcd, 



Koiind 



rr 
0.44 
7.40 
7.05 
7.00 



C H M. p., «a . C H c 

63.87 7.36 65-06 02.29 0.54 02.45 
00.20 7.91 304-105 04.24 7.20 04.01 
67.10 8.21 69.70 06. fit) .7.44 00.3 
68.45 8.51 36-37 . 07.34 8.10 tr?. 1 
* These semicarbasoncs were prepared and analyzed by Asahina and Muroyama.* 
The yield of methyl 5-isopropyl-2-furoalc from isopropyl chloride was 42%. * Krom 
12.6 g. (0.1 mote) of methyl furoate, 0.1 mole of /ert-butyl chloride, *U2 mole of ferric 
chloride in place of aluminum chloride and 1*00 cos of carbon dfculfide-tlicrc wasfcoJalcd 
but two fractions: -one of these (8 g.) was recovered methyl furoate. and the olher a* 
41 .3% yield of methyl S-JcrMyutyl-JM uroate. -The yield of methyl 6-/^M>u I yl^f uroate 
from isobutyl bromide was- 66%;:. from «c-bu£yl bromide,- 1.6%> aiid-from tcrhbnM* 
bromide, 46%. . :; . .. . .„* , „. 

The ?eveml ketones were.also prepared ly iiitciaction of 2.furyi:mercuric^cnlor7de 
and the appr opriate add chloride, in accordance with recent dixectioiis. » VThc. ^tones' ' 
(11) GUmftn and Wrlglit, Tins Journal, SS, 3303 (1033). . ' J ; 77 *T 
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prepared by these two methods were identical, as established by mixed melting point 
determinations of the semiearbazones. The yields of alkyl 2-furyI ketones prepared from 
2-fixrylmercuric chloride were as follows: ethyl, 24.2%; w-propyl, 18.1%; isopropyl. 
14.6%; and n-amyl, 18%. 

In accordance with SteinkopfV* directions for the preparation of S-etUyUS-thienyl 
ethyl ketone from ethylthiophene, propionyl chloride and phosphorus pentoxide, a re- 
action was attempted between furan, ethyl chlorocarbonate and phosphorus pentoxide. 
The furan was recovered practically quantitatively. 

The difficulty in alkylating furan with n-butyl chloride, aluminum chloride and car- 
bon disulfide or fnran itself as a medium may be due in part to a coating which formed 
on the aluminum chloride. 

Alkylatlon of Methyl 2-Furoate,— In these experiments 0.1 mole of methyl furoate 
and 0.1 mole of alkyl halide was added dropwise over a twenty-five minute period to 
0.1-0.2 mole of aluminum chloride and 200 cc. of carbon disulfide contained in a three- 
necked flask provided with a mechanical stirrer and cooled by an ice-bath. A dark 
viscous oil separated in each case leaving a clear supernatant liquid, and hydrogen 
chloride was evolved promptly with the lower balldes but more slowly with the higher 
ones. When addition was complete, the ice-bath was removed and the mixture allowed 
to stand for twenty-four hours. Because the evolution of hydrogen halide is very slow 
with n-hexyl bromide, the ice-bath was removed directly after admixing the reactants. 
The reaction product was poured upon 500 g. of cracked ice with vigorous stirring to 
prevent extreme local heating, the solvent separated, and the aqueous layer extracted 
three times with 200-cc. portions of ether. The ether and carbon disulfide solutions 
were combined, washed with 200 cc. of water and then with 200 cc. of a saturated sodium 
bicarbonate solution, dried over sodium sulfate, and the heavy residual liquid (after 
removing the solvents) was fractionated in a Claisen flask with indentations. It was 
fcW desirable to fractionate at least three times in order to obtain a product which on 
hydrolysis would yield a solid acid; otherwise, oily acids are obtained which are very 
difficult to crystallize. In view of the difficulty of fractionation it appears altogether 
reasonable to conclude that isomeric 2-butyl esters were formed. 

Hydrolysis was effected by heating 10 g. of the ester at 80° with a 20% solution of 
alcoholic potassium hydroxide for ten minutes. The mixture was then poured into 

J? - Cr ^ f*t C * ** *?? C °* ° fwater ' ftnd acidified the addition, with stirring, 

St jl func , a< f d - Mutta In cold dilute potassium hydroxide and reprecipi- 
tatlon with cold sulfuric acid is sometimes desirable. Crystallization is effected from 
an alcohol-water mixture. The yields on hydrolysis are in excess of 75%. Unneces- 
sary heating should be avoided to prevent the precipitation of the adds as oils. The 
data are given in Table II. 

The best method for the preparation of 6^M>tttyl-2-furoic acid is probably that 
one involving the use of isobutyl bromide. The actual reaction is completed in three 
JS^ATfiSS «J?«f"^*» * ^ hours); but one fraction is obtained and this 
eS^ *«■ *-*«™- — a 60% yield of 

In the reaction with methyl chloride, the gas was bubbled Into a mixture obtained 

f Rd i mg ^ *•? ° * mole ° f »<*hyl tooate to 1 mole of aluminum chloride in 300 cc. 

« mit ; ? he n * Ctl(m Prt,duct yietded 86 *• of *• oris** methyl * "»ate 
and 26 g. c* » red vwcous oil which wbenfinally crystallized from an alcohol-water 

™l^™* te ?* t ™» experiment was checked. However, when pe- 

troleum ether (b. p. 30H30 8 ) was used as a medium in place of carbon disulfide, only 

•KfJSET J" ,80lat «! j 85 % rCCOV ^- ^ deep red compound is uncommonly 
stable under ordinary conditions, and the color was not discharged by heating for one 
O?) Stetefcopf, Ann., «S0, 106 <M«8). • .- .. 



